GSK3 and KIF5 regulate activity-dependent sorting of gephyrin between axons and dendrites.
The kinesin KIF5 transports neuronal cargoes into axons and dendrites. Isolated KIF5 motor domains preferentially move into axons, however KIF5 binding to GRIP1 or gephyrin drives the motor into dendrites, to deliver AMPA receptors (AMPARs) or glycine receptors (GlyRs), respectively. At postsynaptic sites, gephyrin forms a multimeric scaffold to anchor GlyRs and GABAA receptors (GABAARs) in apposition to inhibitory presynaptic terminals. Here, we report the unexpected observation that increased intracellular calcium through chronic activation of AMPARs, steers a newly synthesized gephyrin fusion protein (tomato-gephyrin) to axons and interferes with its normal delivery into dendrites of cultured neurons. Axonal gephyrin clusters were not apposed to presynaptic terminals, but colocalized with GlyRs and neuroligin-2 (NLG2). Notably, functional blockade of glycogen synthase kinase-3 (GSK3) and KIF5 normalized gephyrin missorting into the axonal compartment. In contrast, mutagenesis of gephyrin S270, a GSK3 target, did not contribute to axo-dendritic sorting. Our data are consistent with previous observations, which report regulation of kinesin motility through GSK3 activity. They suggest that GSK3 regulates the sorting of GlyR/gephyrin and NLG2 complexes in a KIF5-dependent manner.